Abstract This report examined the effect of methylphenidate on social communication and self-regulation in children with pervasive developmental disorders and hyperactivity in a secondary analysis of RUPP Autism Network data. Participants were 33 children (29 boys) between the ages of 5 and 13 years who participated in a four-week crossover trial of placebo and increasing doses of methylphenidate given in random order each for one week. Observational measures of certain aspects of children's social communication, self-regulation, and affective behavior were obtained each week. A significant positive effect of methylphenidate was seen on children's use of joint attention initiations, response to bids for joint attention, self-regulation, and regulated affective state. The results go beyond the recent literature and suggest that methylphenidate may have positive effects on social behaviors in children with PDD and hyperactivity.
Introduction
Children with pervasive developmental disorders (PDD) exhibit deficits in social interaction, language, and also show restrictive interests or stereotyped behaviors. Some 40-50% of children with PDD also display high levels of symptoms consistent with attention deficit hyperactivity disorder (ADHD), including hyperactivity, distractibility, and impulsiveness (Hazell 2007; Lecavalier 2006; Posey et al. 2007) . Psychostimulant medications such as methylphenidate (MPH) are considered standard treatments for these symptoms in typically-developing children with ADHD. Until recently, only a limited number of controlled psychopharmacological studies of MPH have been conducted with children with PDD (Aman and Langworthy 2000; Handen et al. 2000; Quintana et al. 1995) with findings confirming small to medium positive effect sizes of MPH on clinical measures of hyperactivity in children with PDD (RUPP Autism Network 2005; Posey et al. 2007 ). The purpose of this analysis was to examine the effect of MPH on certain aspects of social-communication and self-regulation behaviors in children with PDD.
Earlier psychopharmacological studies of the effect of MPH on children with PDD, mainly uncontrolled case studies, suggested that this medication may not be wellsuited for children with PDD, due to a lack of significant response to treatment, as well as an increased frequency of adverse events, including negative effects on social behaviors and significant rates of intolerable side effects (Aman 1996; Hazell 2007; Stigler et al. 2004) . Results from more rigorous but small controlled studies have still yielded ambiguous clinical implications (Quintana et al. 1995; Handen et al. 2000) . The largest study to date was the trial undertaken by the Research Units on Pediatric Psychopharmacology (RUPP) Autism Network. This study included 72 children with PDD and hyperactivity between the ages of 5 and 14 years (RUPP Autism Network 2005) . Thirty-five of the 72 children were identified as responders to MPH, based on hyperactivity subscale scores on the Aberrant Behavior Checklist as well as the Clinical Global Impression-Improvement scale. In follow-up analyses of their original study, RUPP researchers (Posey et al. 2007) examined the effects of MPH on secondary clinical outcome measures. MPH was superior to placebo on parent and teacher ratings of DSM-IV ADHD and oppositional defiant disorder (ODD) symptoms using the Swanson, Nolan, and Pelham Questionnaire (SNAP-IV). There was no difference between drug and placebo on repetitive behaviors as measured on the Yale-Brown Obsessive Compulsive Scale (CYBOCS) for PDD (Scahill et al. 2006 ). In addition, there was a statistically-significant increase in parent rated ''Social Withdrawal'' subscale of the Aberrant Behavior Checklist on the high dose, as well as a trend for increases in ratings of ''irritability.'' Together, the extant research on MPH, though still limited in scope, suggested small to medium effects of MPH on the clinical symptoms of ADHD.
Less information exists on whether this medication has broader effects on children's everyday social behaviors. These behaviors are of particular interest because they reflect core features of PDD. Delayed development of social-communication skills is one such core deficit associated with PDD (Kasari et al. 2006; Mundy et al. 1990 ). Social communication skills, which typically develop in the first year of life, include the ability to engage in joint or shared attention (e.g., pointing, showing and coordinating looks between objects and people). Such skills are important developmental milestones in early childhood and have significant consequences for later social and language competence (Bakeman and Adamson 1984; Van Hecke et al. 2007) . Behavioral interventions have shown to be effective for improving these skills in young children with autism over treatment periods as short as six weeks (Kasari et al. 2006; Yoder and Stone 2006) , and treatments that improve joint attention skills have been shown to significantly improve children's expressive language trajectories (Kasari et al. 2008) . Given the importance of improving joint attention skills for the subsequent language and social outcomes of children with PDD, we explored the effect of MPH treatment on social-communication skills.
Self-regulation, another element of children's social behaviors, refers to the ability to engage in strategies to cope with or modulate heightened affect, or to act according to social standards (Kopp 1982; Kochanska et al. 2001; Thompson 1994) . Subsumed under the larger construct of self-regulation is the capacity for emotion regulation and compliance. Emotion regulation entails control over one's emotional expressions, for example in situations involving frustration or stress (Thompson 1994) . Children with difficulties in emotional regulation often show signs of aggression, angry outbursts, and negative peer interactions (Eisenberg et al. 1995) . Compliance to adult requests or commands, another form of self-regulation, is important for the development of positive social competence and excessive noncompliance is often associated with explosive, disruptive behavior, and risk of injury (Kuczynski and Kochanska 1990) . Although self-regulation has not traditionally been identified as a core issue in the study of children with PDD, it is regarded as a critical dimension of adaptive functioning in social settings for children with PDD (Wetherby et al. 2000) . Moreover, there is a growing consensus that these children have difficulty regulating their emotional reactions and behaviors, as is evidenced by lengthy tantrums and trouble returning to a calm or regulated affective state (Loveland 2005; RUPP Autism Network 2002) . Data are extremely limited on the impact of medications on core symptoms of PDD. Using the Aberrant Behavior Checklist, one double-blind trial did report a significant decrease in parent ratings of stereotypies and repetitive behaviors with risperidone associated with greater reductions than placebo treatment (RUPP Autism Network 2002) . No studies to our knowledge have attempted more in-depth procedures to assess medication effects on social behaviors as we report herein.
The goals of the present study were to explore the efficacy of MPH on social-communication and self-regulation in children with PDD and hyperactivity as measured with blinded ratings of a structured video recordings collected in a multisite trial. Given that most MPH trials in children with PDD rely heavily on parent reports, this study is unique in two aspects: it uses observational measures, which may be more objective than other change indices; it examines the impact of MPH on social interaction and selfregulation. In this secondary analysis of RUPP Autism Network data (RUPP Autism Network 2005), we tested two hypotheses: whether MPH would be superior to placebo on both social-communication and on self-regulation in children with PDD accompanied by hyperactivity.
Method

Sample
The study was conducted under approved IRB protocols at each site. Details concerning the study participants, informed consent, and treatment design were reported previously (RUPP Autism Network 2005) . Briefly, 72 subjects with PDD (autistic disorder, Asperger's disorder, or PDD-NOS) based on DSM-IV criteria supported by results on the Autism Diagnostic Interview-Revised (ADI-R) were enrolled in the original trial; 6 subjects were excluded due to inability to tolerate MPH, leaving 59 boys and 7 girls. Study subjects also had moderate to severe hyperactivity, according to SNAP-IV and CGI-Severity ratings. Subjects were excluded for any comorbid neuropsychiatric disorders that might require alternative clinical management (e.g., major depressive disorder, bipolar disorder, Rett's disorder, childhood disintegrative disorder, tic disorder). The present study reports on a subset of 33 children (29 boys and 4 girls) with PDD who had data on the observational measure. Fewer participants were included in individual analyses due to missing observational data (technical difficulty, video camera malfunction, missed visits, or an uncooperative child). An additional inclusion criterion for the observational study was a mental age of \9 years as the social behavioral constructs and measures used in the present study would not be developmentally appropriate for older children. Thus, children had a mean age of 6.93 years (SD = 1.83; Range = 5-13 years), which was slightly lower than the mean age of 7.5 years in the original sample. Of the children from the original sample who were not included in the present study, 12 had a mental age above our inclusion criteria, 2 terminated early due to side effects, 1 terminated early due to the parent declining participation, 1 had incomplete data due to the child begin uncooperative, 1 had incomplete data due to the caregiver begin unavailable, 2 had technical difficulties with videos, and 14 did not schedule videotaping.
Twenty-three children were Caucasian, 7 African American, 2 Asian, and 1 Hispanic.
Procedure
Prior to randomization, participants entered a 1-week testdose phase in which they received placebo for 1 day followed by increasing doses of methylphenidate (low, medium, high dose), each given for two days. Dosage was based on body weight, at approximately .125, .25, and .50 mg/kg per dose, twice daily with an additional half-dose given in the afternoon. Subjects tolerating the drug during the test-dose phase underwent a 4-week, randomized, double-blind, crossover trial with one week each of placebo, low, medium, or high dose methylphenidate. Best dose was ascertained by a blinded comparison of parent and teacher ratings as well as adverse effects for each dose during the crossover trial (RUPP Autism Network 2005) . Each week, children participated in a scripted, semi-structured socialcommunication task and parent-child interaction which were videotaped and subsequently coded at UCLA by observers who were blind to the child's treatment condition. Research staff at each site had received instruction and training on the approach to the interaction task.
Social Communication Measure
A brief social communication measure, the Joint Attention Measure from the EScs (JAMES), was administered each week to capture the initiation of joint attention, response to the experimenter's bids for joint attention, and the child's spontaneous requesting behaviors. Derived from the Early Social Communication Scales (Mundy et al. 2003) , the JAMES assessment is a shortened version of the ESCS, involving only those items that differentiated children with autism from children with nonspecific developmental delays and typically developing children in previous research (Mundy et al. 1986 ). In the JAMES, the experimenter and child sat facing each other at a table, and the experimenter engaged in a semi-structured interaction with the child using a variety of toys. Based on the child's level of functioning, one of two modules of the JAMES assessment was used. The toys for Module 1 (for lower functioning children) included wind-up toys, balloons, books, glasses, pictures on the walls, bubbles, and a silly hat. Materials for Module 2 (for higher functioning children) consisted of a racing car and Mr. Potato Head in addition to the books, pictures on the walls, and a silly hat. The procedure was videotaped and subsequently coded. All coding was completed blind to treatment condition.
Coding of Social Communication Behaviors
Two observers, trained to reliability, individually coded the JAMES procedure tapes. The variables of interest were: frequency of joint attention initiations (coordinated looks, points to share, shows, and verbal joint attention initiations), frequency of joint attention responding behaviors (following an invitation by the experimenter), and frequency of requesting behaviors (gives, reaches, points to request, and verbal requests). Fifteen percent of the videotapes were dually coded by two observers to assess reliability (ICC = .89, .91, and .99 for initiating, responding, and requesting behaviors respectively).
Caregiver-Child Interaction
Each week, the child and a primary caregiver engaged in a semi-structured caregiver-child interaction. To begin, the caregiver and child were escorted into a small room containing a few storage boxes and toys. The interaction consisted of a Competing Demands task (Diener and Mangelsdorf 1999; Diener et al. 2002) , during which the parent completed questionnaires and acted busy and unavailable for interaction while the child played alone with toys, and a Clean-Up task, during which the parent asked the child to clean up the toys while the parent remained in the room. At the start of the caregiver-child interaction, the caregiver was instructed to play with the child for a few minutes until the experimenter returned with forms for the caregiver to complete. The Competing Demands task began once the experimenter provided the caregiver with a set of forms to complete and left the room. Caregivers were instructed to complete the forms and to refrain from interacting with the child while the child played with the toys provided. Parents were instructed to respond to their child's bids for attention in a natural tone indicating that they were very busy filling out forms and to otherwise not respond to their child's behaviors. After approximately 3 min, the experimenter returned to the room and quietly instructed the caregiver to ask the child to clean up the toys. The Clean-Up task lasted for approximately 3 min. The 6 min of child behaviors during the parent-child interactions (3 min in each condition) were subsequently coded as present or absent from videotapes in 10-s intervals. Table 1 for a description of behavioral codes. These categories were not mutually-exclusive; therefore, more than one behavior could be coded in a given 10-s interval. The child's predominant affective state within each 10-s interval (high positive, low positive, neutral, low negative, and high negative) was also coded during the task (ICC a = .89). Based on previous research on children's behaviors indicative of constructively coping with negativity and less reliance on the parent (Eisenberg et al. 1995) , a self-regulation composite variable was created for all subsequent analyses. The composite measure combined distraction (focused attention) and self-soothing in the context of neutral affect, minus bids for parent's attention (engaging and referencing parent), leave-taking, and passive disengagement behaviors.
Coding of Competing Demands Task
Coding of Behaviors in Clean-Up Task The following child behaviors were coded as present or absent in each 10-s interval of the Clean-up Task. Fifteen percent of Clean-up sessions were double-coded by two independent observers to assess reliability. The coded self-regulation behaviors (and corresponding ICC a) were: (a) Compliance, .88, (b) Passive Non-Compliance, .76, (c) Simple Refusal, 1.0, (d) Negotiation, .79, (e) Unengaged, .80, and (f) Direct Defiance. Due to the lack of variance in the Direct Defiance measure, the reliability measurement was not a valid assessment of agreement (percent agreement for this variable was 98.7%). See Table 1 for descriptions of coded behaviors. As these categories were mutually exclusive, only one behavior was coded in a given interval. As with the Competing Demands task, the child's predominant affective state within each 10-s interval was also coded during this task (ICC a = .74). The compliance composite variable for subsequent analyses reflected greater compliance with less direct defiance, passive noncompliance, and simple refusal. (Slosson 1983; Roid and Miller 1995) . Participants had a mean mental age of 43.91 months (SD = 19.72, Range = 20-84). Table 2 provides descriptive data for all study variables. Prior to conducting the primary study analyses, we conducted a comparison between the subset of participants included in this study to the full sample of 66 children reported in RUPP Autism Network (RUPP Autism Network 2005) on the Hyperactivity subscale of the Aberrant Behavior Checklist (ABC; Aman et al. 1985a, b) ; and on mental age. Results of one-way ANOVAs revealed that there was no significant difference between the participants in the present study and the full sample in either the parent-rated or teacher-rated ABC hyperactivity 
Effect of MPH on Self-Regulation Behaviors in Competing Demands Task
On self-regulation behaviors during the Competing Demands task, the best dose of methylphenidate was associated with marginal, but non significant, improvement compared to placebo, F (1, 21) = 3.47, p = .09 (Cohen's d = .29). There was, however, a significant effect of the medication on self-regulation behaviors when comparing varying doses to placebo. Children showed greater selfregulation in the Competing Demands task when on a low dose of methylphenidate, F (1, 24) = 4.71, p \ .05 (Cohen's d = .66), although this effect was partially moderated by children's mental age (p = .09, Cohen's d = .62 after controlling for mental age); medium dose 
Effect of MPH on Compliance in Clean-Up Task
There were no significant differences in compliance on any of the three dose levels of methylphenidate compared to placebo, or between placebo and the best dose of methylphenidate (effect sizes ranging from .01 to .26; ps [ .05).
Effect of MPH on Children's Affective State
Finally, we examined the impact of methylphenidate on affective state during the Competing Demands task and the Clean Up task. For this analysis, the counts of neutral affect and negative affect were combined (neutral-negative) to create a continuous measure reflecting greater neutral and less negative affect, and compared across each drug condition. On the Competing Demands task, there was a marginal effect of the best dose of methylphenidate over placebo on greater neutral affect, F (1, 21) = 3.70, p = .09 (Cohen's d = .61) and of the low dose, F (1, 21) = 3.88, p = .07 (Cohen's d = .66). There was, however, a statistically significant increase in neutral affect for the medium dose, F (1, 25) = 7.51, p \ .05 (Cohen's d = .63) and the high dose of MPH compared to placebo, F (1, 27) = 6.73, p \ .05 (Cohen's d = .34) (See Fig. 4) . Analyses of affective behavior in the Clean-up task revealed no significant impact of MPH at any dose (effect sizes ranging from .05 to .14; ps [ .05).
Discussion
The intent of the present study was to examine the effects of methylphenidate on key domains of social functioning, social communication and self-regulation behaviors, in young school age children with PDDs. The study is novel in its focus on social endpoint changes associated with drug treatment. Although modest in sample size, the multi-site study included rigorous characterization of subjects, three dose levels of MPH, multiple-informants to judge medication response, use of well validated semi-structured parent-child interaction with valid and blinded coding procedures for the observational data.
Research on social communication and self-regulation behaviors indicates that both processes are a function of the neural attentional system (Rothbart et al. 1990 ). Executive attention regulation (attention control and inhibitory control) underlies joint attention development by enabling the child to focus his or her attention on an object to which another person is referring, and to actively deploy attention between the object and his social partner (Mundy and Acra 2006; Van Hecke et al. 2007 ). Individual differences in attentional control have also been shown to be related to the child's ability to regulate emotional expressions and behaviors, possibly by enabling the child to disengage or distract his or her attention from a source of distress and to orient toward an alternative stimulus (Howse et al. 2003; Jahromi and Stifter 2008; Morales et al. 2005) . Together, this research points to children's attention as an underlying construct affecting social-communication and self-regulation behaviors, suggesting a possible positive effect of psychostimulant medications on such behaviors.
The results of the present study suggest that a relatively brief interactive observational task can be incorporated as a repeated measure in a randomized, multisite, clinical treatment trial and yield interpretable data which are sensitive to treatment effects. Second, MPH treatment was associated with improvement in a variety of domains of social functioning that appeared to parallel improvements in previously reported ADHD symptoms. Third, the improvements in joint attention initiations and emotion regulation suggest that MPH may benefit core features of PDD, an effect not previously reported to our knowledge. On the other hand, improvements in attention may account for the observed improvements on these observational tasks. It is unknown if such improvements in social functioning would be observed in children with PDD without hyperactivity.
On joint attention behaviors, drug effects were evident on child-initiations, with an overall MPH effect estimated in the moderate range (Cohen's d = .49). No clear doseresponse relationship was observed, although the lower dose appeared to show the largest impact on these behaviors. A smaller effect was found for experimenterinitiated joint attention responses (Cohen's d = .28). This may reflect the truncated sampling of the JAMES, which allowed for coding of this behavior in only two tasks (posters and book). Thus, there were fewer opportunities and little room for variability in these behaviors. Joint attention is considered an essential component of language development. Because the higher dose conditions have been associated with greater parent ratings of ''irritability'' and ''social withdrawal'' (Posey et al. 2007) this may have interfered with observing more robust effects on social communication measures associated with higher doses. Future work should assess whether these effects predict children's later language development, and whether examining responding behaviors in contexts allowing for greater number of observed behaviors, such as during a parent-child interaction, may reveal broader joint attention effects of MPH. Somewhat surprisingly, MPH had no effect on compliance with parental requests. It should be noted, however, that baseline ratings of oppositional and defiant behavior on the eight-item ODD SNAP-IV scale (mean 8.83 ± 5.19) were actually low. It may be that the low baseline ratings created a floor effect, and/or that the treatment period of only one week was not long enough to see considerable changes in the children's compliance behaviors. However, studies of typically developing children with ADHD have documented improvements in compliance in response to acute MPH administration (Barkley 1988) . Furthermore, as a significant change in child affective behavior was also not found in the Clean-up task, it may be that parents' behaviors in this context (e.g., helping children clean up the toys) resulted in lower child negativity and less need for compliance. It may be, therefore, that participants did not show improvements in their affective states because this tasks was less demanding. The construct of compliance is less directly related to attentional processes as it requires more than simply overcoming negativity but also engaging in specific behaviors to meet another person's expectations (e.g., cleaning up the toys). Perhaps a modification of our probe in the experimental task to more strongly challenge the subject would have revealed MPH effects.
Positive effects of MPH on subjects' affective state were also significant. In particular, more neutral and regulated affect in the Competing Demands task, which can elicit negative affect, may indicate a clinically significant benefit of MPH for some children which could reduce strain in some contexts. Effect size estimates were from small to moderate (.34-.61), and higher doses were more likely to be associated with more regulated affect. A related, but separate, measure of children's responses to the Competing Demands task was that of self-regulation behaviors. Whereas children's affective state reflected their displays of emotional reactivity, our measure of self-regulation captured the behavioral coping strategies that children deployed in this context. Effect sizes again ranged from small to moderate (.36-.62), and low and medium doses of methylphenidate were associated with greater use of selfregulation strategies.
Overall, the pattern of MPH reflected improvement or enhancement across several measures of social-communication and affective behavior. Similar to our analyses of ADHD behaviors using parent-and teacher-rated change (Posey et al. 2007 ), a clear dose-response relationship was not evident at the group level. Additional analyses could examine the intra-individual profile of response on both disruptive and social behaviors, and the possible relationships between improvements in different domains. Pearson et al. (2004) analyzed the cognitive and behavioral improvements in children with intellectual disability and ADHD, and found considerable independence of optimal dose effects comparing cognitive versus behavioral domains. In this study, the greatest clinical effect was seen with the medium dose, but optimal dose for social behavior tended to vary. It may be the case that with developmentally disabled children, there may be greater disparity in dose-response across different domains for optimal change.
Limitations
This study was a pilot project to examine the effect of MPH on certain aspects of social-communication and self-regulation behaviors in children with PDD. The study also offered the opportunity to explore the feasibility and sensitivity of established observational measures to detect medication effects on social behaviors. The study has several limitations. The one week time period for each treatment condition was brief; hence the durability of apparent benefits remains undetermined. In addition, our sample was a smaller subset of the larger trial, due to technical difficulties with video equipment, drop outs, and additional inclusion criteria. The reduced sample size increases the risk of both Type I and Type II error. It should be noted, however, that the present study's sample did not differ significantly from that in the larger trial on parent or teacher scores from the ABC hyperactivity subscale, thus can be considered reflective of the larger group with respect to this primary outcome measure and inclusion criteria. Future, larger investigations of social behaviors could control for inattention and hyperactivity to determine the degree to which medication effects are specific to the social behaviors. Another important consideration is the expense of such observational measures. Future studies may provide further support for the unique contribution of observation measures that justify the additional expense.
In summary, social communication deficits involving joint attention and self regulation are fundamental problems in children with PDD. They are also a critical focus for intervention as they are relevant to broader impairments in language development and social functioning. Although specific psychosocial treatments are increasingly targeting these skills as goals for intervention, there is a need to explore the possible benefits of medication on these behaviors. It may be that drug therapies could promote development in joint attention and self-regulation, either alone or in combination with other treatments. The positive effects seen of MPH on social behaviors in a sample of children with PDD should encourage additional research incorporating measures of social communication in future clinical trials, and suggests that other perhaps more targeted medications could yield enhanced social functioning in individuals with PDD.
Clinical Implications
When confronted with hyperactivity as a prominent cooccurring feature in children with PDD, clinicians can feel more confident that a trial of MPH will not exacerbate the core social and communication problems and may actually help them some. Whether MPH helps these core problems enough to justify targeting them for treatment would require further research. Until more data are available, we would not recommend stimulants for treatment of core features of PDD in the absence of hyperactivity. The response of patients to any medication has to be individually evaluated. For example, in the trial from which this sample was drawn, 18% of the participants had to stop treatment because of intolerable side effects, while others benefited significantly.
